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Abstract 
The high-quality bio-jet fuel derived from biomass resources can directly replace commercial fossil fuels for aviation 
due to the similar composition and properties. However, conventional technologies on hydrodeoxygenation of plant 
oil can’t produce renewable aromatics, which is the key component in the jet fuel. In this paper, the bio-jet fuels were 
produced by aqueous-phase processing of plant sugar/polyol. Liquid fuel yield of 31.8% with sorbitol conversion of 
98% was obtained under the conditions of 280 qC, WHSV of 1.25 h-1, GHSV of 2500 h-1 and 4.0 MPa hydrogen 
pressure.  The content of aromatics and napthenes was above 72wt.% in the produced liquid fuels. This process uses a 
wide variety of both cellulosic and conventional plant sugars, providing an economic route to sustainable bio-based 
jet fuel production, which includes normal and iso-paraffins, naphthenes, and aromatics required for aviation.  
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1. Introduction 
Renewable energy, especially the advanced liquid fuels from biomass resources, has the potential to be 
a substitute of traditional fossil fuels. Exploitation and utilization of high-quality liquid fuels will be 
beneficial to the rapid development of relative industries, the guarantee of the national energy security, 
the alleviation of energy crisis, the improvement of social environment and sustainable development. It is 
speculated that about 8 % of total petroleum-derived products are jet fuels. Large jet fuel consumption 
leads to large CO2 emission and significant environmental impacts. For this sake, renewable and 
sustainable jet fuel produced from biomass attracts increasing attention. Recently renewable and 
sustainable jet fuel produced from biomass attracts increasing attention. 
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The conventional technologies of jet fuel production from biomass are hydrodeoxygenation of plant oil 
and biomass gasification with Fischer-Tropsch (F-T) synthesis. For these two technologies, cracking-
isomerization process should be adopted to produce iso-paraffin, which is the main component in the jet 
fuels.  However these technologies can’t produce aromatics and napthenes, whose content is about 40% in 
the fossil jet fuel.   New processing technologies should be invented to overcome these challenges. 
Lignocellulosic biomass is generally converted into carbohydrates or sugar monomers (e.g., xylose and 
glucose) by acid or enzymatic hydrolysis, and further transformed into liquid fuels such as bio-gasoline 
and jet fuels by aqueous-phase catalytic processing [3-5].Since the reaction occurs in aqueous phase, the 
alkane products are hydrophobic, which can be automatically separated from the aqueous phase. It leads 
to great advantage in terms of energy saving. However, most of works reported the C1-C6  alkanes or C8-
C15 alkanes production by aqueous-phase catalytic process [6-7]. In this paper, the liquid fuels with high 
content of aromatics and napthenes were produced by aqueous-phase catalytic transformation of 
lignocellulosic sugar/polyol. The performance of aqueous-phase aromatic reaction and catalysts were also 
investigated. This economic of this route for sustainable bio-based jet fuels production was also evaluated.  
 
2. Experimental 
2.1 Catalyst and characterization 
The 10wt%Ni catalyst was prepared by the incipient wetness impregnation method. Prior to the 
preparation, appropriate amount of HZSM-5 (80-100 mesh, Si/Al atomic ratio of 38) and MCM-41 (100-
120 mesh) were firstly mixed with a weight ratio of 6 to 4 in deionized water at room temperature for 3 h 
under the stirring speed of 300 r·min-1, followed by drying in air at 110 qC for 12 h, and the dried samples 
were calcined at 500 qC for 6 h, then the resulted sample was impregnated with an aqueous solution of 
nickel nitrate at room temperature for 12 h, followed by drying in air at 110 qC for 12 h, and then the 
dried sample was calcined at 500 qC for 6 h, wherein the Ni loading was 10%, and thus the resulted 
catalysts was denoted as 10%Ni@HZSM-5/MCM-41. HZSM-5 and pure silica MCM-41 were supplied 
by Nankai University catalyst Co., Ltd. (Tianjin, China), and Ni(NO3)2·6H2O (AR, 99.9%) was bought 
from Tianjin Fucheng Reagents (Tianjin, China). Infrared spectra of pyridine adsorption (Py-IR) were 
recorded on a Thermo Nicolet Nexus FT-IR spectrometer equipped with a liquid nitrogen cooled MCT 
detector. 
2.2 Aqueous-phase catalytic reaction and products analysis 
The aqueous-phase catalytic reaction was carried out in a stainless steel tube reactor of 0.8 cm inner 
diameter and 50 cm in length. 4 g of 10%Ni@HZSM-5/MCM-41 catalyst was filled in the reactor per run. 
Prior to reaction, the catalyst was reduced in situ by a flow of H2 (30 ml·min-1) at 500 qC for 3 h and then 
cooled down to reaction temperature. Meanwhile, H2 was fed to the reactor under a certain pressure and 
then reactant of sugar or polyol was pumped into the preheater at a certain temperature. The effluent gas 
was cooled to room temperature and sampled for analysis. 
The gaseous products were measured via a wet flow meter and analyzed by an Agilent GC-7890A gas 
chromatograph (GS-GasPro capillary column, 60 m×0.32mm) equipped with a thermal conductivity 
detector (TCD) and a flame ionization detector (FID). The aqueous phase residues were analyzed by 
Waters Alliance e2695 HPLC with UV-Vis (Waters 2489) and Refractometer (Waters 2414) detectors by 
using a Shodex SH1011 column (8× 300 mm), which was maintained at 90 qC with 0.005 M H2SO4 as 
mobile phase flowing at a rate of 0.5 ml·min-1. The analysis of the oil products were performed on an 
Agilent GC-7890A gas chromatograph (HP inowax capillary column 19091N-133N, 
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30m×250μm×0.25μm) equipped with a mass spectrometer (5975C) by using 99.995% of He as the carrier 
gas.  
 
3. Results and discussion 
3.1  Production of liquid fuels by aqueous-phase catalytic conversion of sugar/polyol 
Table 1.  Results of aqueous-phase catalytic conversion of sugar/polyol 
 
With glucose, sorbitol and mixed polyol 
(40%xylitol+60%sorbitol) as feedstocks, the 
aqueous-phase catalytic reactions were carried 
out under 280 qC, WHSV of 1.25 h-1, GHSV of 
2500 h-1 and 4.0 MPa hydrogen pressure. The 
results are listed in Table 1. Maximized liquid 
fuels yield of with sorbitol conversion of 98% 
was obtained in this process. Polyol conversion 
was higher than that of sugar. Substituted 
benzenes such as toluene and xylene, 
naphthalenes, and aromatic olefins were 
dominated in the produced liquid fuels. The 
content of aromatics and napthenes was above 
72wt%. Gaseous carbon was mostly in form of 
light C1-C4 alkanes. Large amount of CH4 and 
CO2 was found without any CO formation in the 
process. It indicated that cleavage of C-C bond 
of sugar/polyol and water gas shift reaction 
occurred in aqueous-phase catalytic process. The 
aqueous phase residues are mainly composed of 
lower polyols such as glycol, propanediol, 
isopropanol and iso-sorbide with the selectivity 
of about 35%. In addition, small amount of 1,2-
propanediol and 1,3-propanediol was generated. 
This suggests that the intermolecular 
dehydration of sorbitol into isosorbide is the 




3.2  Performance of  the catalyst 
The acidity of HZSM-5 modified with 40% MCM-41 addition was measured by Py-IR spectroscopy. 
Pure silica MCM-41 exhibits only two strong bands at 1446 and 1595 cm-1 and a weak band at 1490 cm-1 
after pyridine chemsorption, indicating that Brønsted acid sites can be negligible and Lewis acid sites are 
the dominant acid centers in MCM-41 due to the absence of the framework Al. Interestingly, the intensity 
of Brønsted acid sites in HZSM-5 decreased sharply when 40% of MCM-41 was added to HZSM-5, 
while that of Lewis acid sites increased distinctly. The appropriate amount of total acid sites and Lewis 
Feedstocks  Glucose Sorbitol Xylitol 
/sorbitol 
Conversion / % 93 98 96 
Carbon in gas phase / % 15.6 12.1 14.0 
CH4  selectivity 45.8 51.3 53.7 
C2H6  selectivity 5.6 5.0 5.9 
C3H8  selectivity 6.0 5.7 5.7 
C4H10  selectivity 3.4 4.1 4.7 
C5H13  selectivity 3.7 3.9 3.2 
C6H14  selectivity 1.9 1.6 1.4 
CO2  selectivity 13.6 12.9 11.7 
C7+ alkanes  selectivity 20.0 15.5 13.7 
Carbon in aqueous phase / % 30.4 16.8 18.1 
Glycol  selectivity 11.8 17.9 22.8 
1,3-propanediol  selectivity 0 1.3 1.4 
1,2-propanediol  selectivity 6.4 16.5 18.2 
Isopropanol  selectivity 43.2 17.8 18.7 
Isosorbide  selectivity 37.0 44.3 34.8 
Sorbitol  selectivity 1.6 2.2 4.1 
Yield of oil phase / wt.% 25.6 31.8 26.4 
Substituted benzenes selectivity 36.3 35.4 39.5 
Naphthalenes  selectivity 5.8 13.6 11.4 
Aromatic olefins  selectivity 36.6 32.6 38.1 
Oxygenates  selectivity 21.3 18.4 11.0 
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acid sites would easily result in the production of aromatic compounds from sorbitol hydrogenation over 
the catalyst.  
 
Conclusion 
Liquid fuels with aromatic compounds content of above 72wt% were produced by aqueous-phase 
catalytic transformation of plant sugar/polyol over the Ni/HZSM-5 catalyst modified by MCM-41. Liquid 
fuel yield of 32wt% with sorbitol conversion of 96% was obtained under the conditions of 280qC, WHSV 
of 1.25 h-1, GHSV of 2500 h-1 and 4.0 MPa hydrogen pressure.  Gaseous products in the form of light C1-
C4 alkanes and CO2 was found without any CO formation in this process, indicating that cleavage of C-C 
bond of sugar/polyol and water gas shift reaction occurred in aqueous-phase catalytic process. The 
aqueous-phase residue was iso-sorbitol and lower carbon alcohols (mainly methanol, ethanol and glycol), 
which can be further converted to aromatic fuels by re-feeding into the reactor with flesh reactants. This 
process uses a wide variety of both cellulosic and conventional plant sugars, providing an economic route 
to sustainable aromatic production, which is the potential substitute to be used as bio-based jet fuels 
required for aviation. 
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